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NATIONAL BEEF CATR.E GENETIC WALUATIOTJ 
D. M. Marshall  
Department of Animal and Range Sciences 
Use of a r t i f i c i a l  inseminat ion  permi ts  some b u l l s  t o  have o f f s p r i n g  
eva lua ted  i n  more than  one herd. Such b u l l s  s e rve  a s  benchmarks f o r  comparison 
o r  l i n k s  between herds.  For some breeds,  s u f f i c i e n t  l i n k s  e x i s t  between herds  
t h a t  c u r r e n t  technology may provide v a l i d  g e n e t i c  comparisons between c a t t l e  from 
d i f f e r e n t  herds ,  a s  w e l l  a s  within-herd comparisons. The c u r r e n t  i ndus t ry  
s tandard  express ion  f o r  r epo r t ing  r e l a t i v e  g e n e t i c  mer i t  of beef c a t t l e  i n  
n a t i o n a l  eva lua t ions  i s  expected progeny d i f f e r e n c e  (EPD). The EPD f o r  a s i r e  
r e p r e s e n t s  t h e  expected d i f f e r e n c e  i n  performance of a s i r e l s  o f f s p r i n g  when 
compared t o  t h e  average o f f s p r i n g  performance of a l l  s i r e s  evaluated.  A 
corresponding accuracy va lue ,  r e f l e c t i n g  t h e  amount of in format ion  (pedigree  
performance, i nd iv idua l  performance, o f f s p r i n g  performance, e t c . )  on which t h e  
EPD va lue  i s  based, is  gene ra l ly  repor ted  w i t h  each EPD value .  Expected progeny 
d i f f e r e n c e  va lues  can be c a l c u l a t e d  no t  only f o r  b u l l s  l i s t e d  i n  s i r e  summaries, 
bu t  a l s o  f o r  cows, young b u l l s  and even planned matings. EPDs f o r  nonparents  
g e n e r a l l y  have low accuracy va lues  compared t o  EPDs f o r  parents .  
(Key Words: C a t t l e  Evaluat ion,  Expected Progeny Dif fe rence . )  
In t roduc t ion  
Major developments have occurred during t h e  p a s t  one and one-half decades i n  
g e n e t i c  eva lua t ion  of beef c a t t l e .  Use of a r t i f i c i a l  inseminat ion,  improved 
s t a t i s t i c a l  ana lyses  and more powerful computers allow comparisons of animals 
a c r o s s  herds.  
The f i r s t  n a t i o n a l  beef s i r e  summary i n  t h e  U.S. was publ ished by t h e  
American Simmental Assoc ia t ion  i n  1971 and included 13 b u l l s .  Current n a t i o n a l  
s i r e  summaries f o r  some breeds inc lude  eva lua t ions  of hundreds of b u l l s .  I n  
f a c t ,  t h e  ana lyses  used by some breed a s s o c i a t i o n s  t o  compute n a t i o n a l  s i r e  
summary d a t a  can y i e l d  p red ic t ed  g e n e t i c  va lues  f o r  every r e g i s t e r e d  animal i n  
t h e  breed w i t h  a s u f f i c i e n t  record. 
More performance informat ion  on beef seeds tock  i s  a v a i l a b l e  today than  a t  
anytime i n  h i s t o r y .  To make e f f i c i e n t  use of t h i s  resource,  producers must know 
what in format ion  is  a v a i l a b l e  and how t o  i n t e r p r e t  it. 
Across-Herd Evalua t ion  
Environmental v s  Genet ic  Inf luence  on Performance. An i n d i v i d u a l l s  
performance is  detezned by i t s  g e n e t i c  and t h e  environment t o  which 
t h e  i n d i v i d u a l  i s  exposed. Di f fe rences  i n  performance among animals may be  due 
t o  bo th  g e n e t i c  and environmental  d i f f e r e n c e s .  For example, s u p e r i o r i t y  i n  
performance of a g iven  animal may be  due t o  g r e a t e r  g e n e t i c  p o t e n t i a l ,  more 
f a v o r a b l e  t r e a tmen t  (such a s  feed ing ,  c a r e ,  growth imp lan t s ,  e t c . )  o r  bo th .  
Our i n t e n t  a s  l i v e s t o c k  b r eede r s  should b e  t o  make s e l e c t i o n  d e c i s i o n s  based 
on g e n e t i c  d i f f e r e n c e s  among animals .  Our a b i l i t y  t o  do s o  i s  h indered  t o  t h e  
e x t e n t  t h a t  g e n e t i c  d i f f e r e n c e s  among animals  a r e  masked by environmental  
d i f f e r e n c e s .  Hence, ou r  a b i l i t y  t o  compare animals  from d i f f e r e n t  he rd s  f a i r l y  
i s  l i m i t e d .  
Cen t r a l  t e s t  s t a t i o n s  were  dev ised  a s  one means t o  a l low performance 
comparisons among an imals  from d i f f e r e n t  herds .  However, t h e  performance of 
an imals  i n  a c e n t r a l  t e s t  may b e  a f f e c t e d  by p r e t e s t  environmental  f a c t o r s  and a 
consignment o f t e n  r e p r e s e n t s  a s e l e c t e d  sample: The e x t e n t  t o  which such  f a c t o r s  
a f f e c t  rank ings  of an imals  from d i f f e r e n t  he rd s  a t  t h e  c e n t r a l  t e s t  i s  d i f f i c u l t ,  
i f  n o t  imposs ib le ,  t o  a s c e r t a i n .  
Gene t i c  L inks  Between Herds. The r e f e r e n c e  sire concep t  has  been u t i l i z e d  
by s e v e r a l  b r eed  a s s o c i a t i o n s  a s  a method t o  compare an imals  from d i f f e r e n t  
he rds .  Through a r t i f i c i a l  insemina t ion ,  a s i n g l e  b u l l  can be  mated t o  a p o r t i o n  
of  t h e  cows i n  d i f f e r e n t  he rds .  Performance of  o f f s p r i n g  of such  a b u l l  ( t h e  
r e f e r e n c e  s i r e )  i s  compared t o  o f f s p r i n g  performance of  o t h e r  sires used i n  t h e  
herd.  Then, b u l l s  from d i f f e r e n t  he rds  can b e  compared by e v a l u a t i n g  t h e  
performance of  t h e i r  o f f s p r i n g  r e l a t i v e  t o  t h e  performance of  c a l v e s  s i r e d  by t h e  
r e f e r e n c e  b u l l .  A r e f e r e n c e  sire p rov ide s  a b a s i s  f o r  comparisons from he rd  t o  
herd.  I t  i s  impor tan t  t h a t  b u l l s  are mated t o  a random sample of cows w i t h i n  
each  herd.  
The r e f e r e n c e  s i re  concept  i s  i l l u s t r a t e d  w i t h  an example i n  t a b l e  1. 
Assume t h a t  B u l l  A i s  a r e f e r e n c e  s i r e  w i t h  c a l v e s  s i r e d  i n  two d i f f e r e n t  he rds .  
The s u p e r i o r  weaning weight  performance of c a l v e s  from B u l l  A i n  Herd 2 i n d i c a t e s  
a b e t t e r  environment o r  perhaps  s u p e r i o r  cows ( o r  bo th )  compared t o  Herd 1. 
Among t h e  o t h e r  f o u r  b u l l s ,  c a l v e s  of B u l l  D had t h e  h i g h e s t  average  weaning 
weight .  However, c l o s e  i n s p e c t i o n  r e v e a l s  t h a t  r e l a t i v e  t o  progeny of t h e  
r e f e r e n c e  sire, o f f s p r i n g  of  B u l l  B e x h i b i t e d  b e t t e r  performance t han  o f f s p r i n g  
of  B u l l  D ,  fo l lowed by o f f s p r i n g  of B u l l  E and B u l l  C, r e s p e c t i v e l y .  
I n  o r d e r  t o  b e  de s igna t ed  as a r e f e r e n c e  sire, a b u l l  must have a l a r g e  
number of progeny (100-500) i n  many d i f f e r e n t  he rd s  (10-50) i n  which s e v e r a l  
o t h e r  r e f e r e n c e  sires (5-10) a r e  a l s o  represen ted .  
Today's n a t i o n a l  s i r e  summaries u t i l i z e  two t ypes  of l i n k s  between he rd s :  
1 )  b u l l s  w i t h  progeny i n  two o r  more he rd s  and 2) g e n e t i c  r e l a t i o n s h i p s  between 
animals .  For  b r eeds  i n  which u s e  o f  a r t i f i c i a l  i n semina t i on  is  s u f f i c i e n t l y  
widespread,  enough l i n k s  e x i s t  between he rd s  t h a t  d e s i g n a t i o n  o f  r e f e r e n c e  s i r e s  
is  n o t  necessa ry .  T h e o r e t i c a l l y ,  t h e s e  l i n k s  a l low comparisons among v i r t u a l l y  
a l l  an imals  i n  a b r eed  w i t h  a p p r o p r i a t e  performance records .  
I n t e r p r e t i n g  Expected Progeny D i f f e r ence  (EPD) 
and Accuracy Values 
EPD o r  EBV. For s e v e r a l  y e a r s ,  some beef  c a t t l e  b r e e d s  have r e p o r t e d  
- - -
g e n e t i c  v a l u e s  f o r  b u l l s  i n  terms of e s t ima t ed  b r eed ing  v a l u e s  (EBVs) and 
expec ted  progeny d i f f e r e n c e  (EPD) v a l u e s  i n  n a t i o n a l  s i r e  summaries. Breeding 
value  r e f l e c t s  the  va lue  of an indiv idual  a s  a  parent .  Expected progeny 
d i f f e rence  i s  defined as  h a l f  t h e  breeding va lue ,  taking i n t o  account the  f a c t  
t h a t  only a  sample h a l f  of an animal 's  genes a r e  t ransmi t ted  t o  the  o f f sp r ing .  
Expected progeny d i f f e rence  va lues  appear t o  be the cu r ren t  express ion  of choice 
t o  r epor t  es t imated  gene t i c  meri t  i n  n a t i o n a l  beef c a t t l e  evalua t ions .  
An EPD value  i s  a p red ic t ion  of how wel l  an animal 's  f u t u r e  o f f sp r ing  w i l l  
perform r e l a t i v e  t o  o the r  animals i n  the  evaluat ion.  An EPD value  may be 
ca lcu la t ed  f o r  each of s e v e r a l  t r a i t s  ( b i r t h  weight, weaning weight,  y e a r l i n g  
weight,  daughter ' s  milking a b i l i t y ,  e t c . )  f o r  a  given animal. Expected progeny 
d i f f e rence  va lues  a r e  genera l ly  expressed as dev ia t ions  i n  t h e  a c t u a l  u n i t s  i n  
which t h e  t r a i t  was measured (pounds, inches, e t c . ) .  
One way t o  i n t e r p r e t  EPD values is t o  th ink  i n  terms of d i f f e rences .  
Suppose, f o r  example, t h a t  Bu l l  A and Bu l l  B have weaning weight EPD values  of 
-10 and +10 l b ,  respect ive ly .  The expecta t ion  i s  t h a t  ca lves  from Bul l  B would 
average 20 l b  heavier  a t  weaning than calves from Bul l  A, assuming the  b u l l s  a r e  
mated t o  cows of s i m i l a r  gene t i c  mer i t  and ca lves  a r e  r a i sed  under s i m i l a r  
environmental condit ions.  
An EPD value  is genera l ly  accompanied by a corresponding accuracy value.  
The accuracy va lue  i n d i c a t e s  the  degree of c e r t a i n t y  one should have t h a t  the  EPD 
va lue  r e f l e c t s  t h e  t r u e  gene t i c  value.  Accuracy values ca lcu la t ed  according t o  
Beef Improvement Federat ion guidel ines  range between zero  and one. 
An EPD value  f o r  an animal wi th  few o r  no o f f sp r ing  w i l l  have a r e l a t i v e l y  
low accuracy va lue ,  whereas an EPD f o r  a  b u l l  w i th  many progeny records w i l l  have 
a r e l a t i v e l y  high accuracy value.  To l i m i t  r i s k ,  breeders  may wish t o  l i m i t  t h e  
number of cows mated t o  a  b u l l  whose EPDs have low accuracy values.  
Consider the  example presented i n  t a b l e  2. For s impl i f i ca t ion ,  only t h e  
t r a i t s  of b i r t h  weight,  weaning weight and y e a r l i n g  weight a r e  included. 
I f  ca lv ing  d i f f i c u l t y  i s  a p o t e n t i a l  concern and s i n c e  b i r t h  weight and 
ca lv ing  d i f f i c u l t y  a r e  p o s i t i v e l y  co r re l a t ed ,  then use of Bu l l  A should be 
considered, a1  though some growth p o t e n t i a l  would be s a c r i f i c e d .  Bul l  B appears 
t o  have the  most p o t e n t i a l  f o r  s i r i n g  ca lves  w i t h  high growth r a t e ,  a l though t h e  
accuracy f i g u r e s  a r e  low compared t o  Bu l l  C. Bul l  C has moderate p o t e n t i a l  f o r  
passing on growth r a t e ,  and the  high accuracy va lues  g ive  the  breeder  more 
confidence t h a t  the EPD va lues  r e f l e c t  the  b u l l ' s  t r u e  breeding value.  
When a d d i t i o n a l  o f f sp r ing  a r e  evaluated, t h e  EPD va lues  of Bu l l  B a r e  l i k e l y  
t o  change more than those of the  o the r  two b u l l s .  However, one doesn ' t  know 
whether changes w i l l  be favorable  o r  unfavorable. Assuming b i r t h  weight was not  
a  cons idera t ion ,  a  reasonable approach would be t o  mate some cows t o  Bu l l  B and 
some t o  Bu l l  C. 
A Note on Accuracy Values. Considerable v a r i a t i o n  i n  performance among 
- - -  
of f sp r ing  of a  given parent  i s  common, regardless  of the  EPD o r  accuracy va lues .  
The EPD value  p r e d i c t s  t h e  average performance of f u t u r e  o f f sp r ing .  The accuracy 
va lue  r e f l e c t s  t h e  confidence one should have t h a t  the  predic ted  average c l o s e l y  
e s t ima tes  t h e  p a r e n t ' s  t r u e  t r ansmi t t ing  a b i l i t y .  Neither  va lue  i n d i c a t e s  t h e  
magnitude of expected range i n  performance of f u t u r e  of fspr ing .  
Milk v s  Maternal  EPD. Some n a t i o n a l  c a t t l e  e v a l u a t i o n s  i n c l u d e  EPD v a l u e s  
- -  -
f o r  milk ,  o t h e r s  l i s t  EPD v a l u e s  f o r  mate rna l  a b i l i t y  and some i n c l u d e  EPD v a l u e s  
f o r  bo th .  An i n d i v i d u a l ' s  EPD f o r  mi lk  r e f l e c t s  t h e  a b i l i t y  of t h a t  i n d i v i d u a l  I s  
d augh t e r s  t o  produce milk ,  expressed  i n  pounds of weaning weigh t .  Maternal  EPD 
r e f l e c t s  a b i l i t y  o f  t h e  i n d i v i d u a l ' s  daughte rs  t o  produce c a l f  weaning weight  
based  on (1) t h e  d i r e c t  g e n e t i c  c o n t r i b u t i o n  f o r  preweaning growth t h a t  t h e  
i n d i v i d u a l  pa s se s  on t o  i t ' s  daughte rs  and (2 )  daugh t e r s '  mi lk ing  a b i l i t y .  
Maternal  EPD i s  c a l c u l a t e d  a s :  
Maternal  EPD = Milk EPD + 1 / 2  Weaning Weight EPD 
Sepa ra t i on  of growth and mi lk  components of mate rna l  EPD a l l ows  t h e  b r e e d e r  
t.0 b e  more s p e c i f i c  i n  d i r e c t i n g  s e l e c t i o n  emphasis. Consider  t h e  sample d a t a  i n  
t a b l e  3 .  
Based on mate rna l  EPD, daughte rs  from B u l l  A and B u l l  B a r e  expected t o  
perform s i m i l a r l y  i n  terms of c a l f  weight  weaned. However, t h e  r e a sons  f o r  
a ch i ev ing  t h a t  l e v e l  of expec ted  performance a r e  d i f f e r e n t  f o r  t h e  two b u l l s .  
B u l l  A w i l l  t r a n s m i t  poor  t o  moderate g e n e t i c  p o t e n t i a l  f o r  preweaning growth. 
. b u t  h i s  daugh t e r s  should  b e  r e l a t i v e l y  heavy mi lkers .  B u l l  B w i l l  p a s s  on good 
g e n e t i c  p o t e n t i a l  f o r  preweaning growth, b u t  h i s  daugh t e r s  a r e  expected t o  
produce less mi lk  t han  daugh t e r s  of B u l l  A. 
El imina t i ng  - Bias .  One p a s t  c r i t i c i s m  of s i r e  summaries h a s  been t h a t  b u l l s  
mated t o  above average  cows have an  u n f a i r  advantage ove r  b u l l s  mated t o  cows of 
l e s s e r  g e n e t i c  p o t e n t i a l .  S t a t i s t i c a l  procedures  n a s  used i n  some s i r e  summary 
ana ly se s  i n c l u d e  dam e f f e c t s .  Adjus t ing  f o r  dam e f f e c t s  removes much of t h e  b i a s  
i n  e v a l u a t i o n  of  sires caused by nonrandom mating.  The EPD v a l u e  f o r  y e a r l i n g  
weigh t ,  f o r  example, is  a d j u s t e d  downward f o r  a  b u l l  t h a t  was mated t o  s u p e r i o r  
COWS. 
One techn ique  r e c e n t l y  employed i n  some n a t i o n a l  beef  c a t t l e  e v a l u a t i o n  
a n a l y s e s  i s  m u l t i p l e  t r a i t  a n a l y s i s ,  i n  which two o r  more t r a i t s  a r e  eva lua t ed  
s imul taneous ly .  Among o t h e r  t h i n g s ,  t h i s  p rocedure  removes some of  t h e  b i a s  due 
t o  s e l e c t i o n .  
For  example, cons ide r  a  b u l l  whose poor c a l v e s  a r e  c u l l e d  a t  weaning, b u t  
h i s  b e t t e r  c a l v e s  a r e  k e p t  and eva lua t ed  f o r  y e a r l i n g  weigh t .  More progeny 
weaning weight  r e co rds  a s  compared t o  y e a r l i n g  weight  r e co rds  f o r  t h e  b u l l  a r e  
s e n t  t o  t h e  b r eed  a s s o c i a t i o n ,  and t h e  b u l l ' s  y e a r l i n g  weigh t  EPD t e n d s  t o  b e  
b i a s e d  upward. Mu l t i p l e  t r a i t  e v a l u a t i o n  removes some of  t h i s  b i a s  by i n c l u d i n g  
weaning weigh t  i n fo rma t ion  i n  c a l c u l a t i o n  of t h e  y e a r l i n g  weight  EPD. 
More Terminology. Es t imated  b r eed ing  v a l u e s  and EPD v a l u e s  f o r  b u l l s  w i t h  
-
r e co rds  on a s u f f i c i e n t  number of o f f s p r i n g  have been pub l i shed  by some b r eed  
a s s o c i a t i o n s  f o r  s e v e r a l  y e a r s  i n  n a t i o n a l  s i r e  summaries. Performance of a  
b u l l ' s  r e l a t i v e s  (cows, c a l v e s ,  e t c . )  may a l s o  b e  inc luded  i n  t h e  e v a l u a t i o n  by 
t a k i n g  g e n e t i c  r e l a t i o n s h i p s  i n t o  account .  Since t h e  so - ca l l ed  "animal model" 
y i e l d s  g e n e t i c  v a l u e s  f o r  a l l  an imals  f o r  which a p p r o p r i a t e  r e co rds  were  
r e p o r t e d ,  t h e  exp re s s ion  " n a t i o n a l  c a t t l e  eva lua t i on"  is  sometimes more 
a p p r o p r i a t e  t han  "na t i ona l  s i r e  eva lua t ion" .  
Use & Commercial Producers .  Commercial p roducers  should become acqua in t ed  
-
w i t h  EPD terminology s i n c e  performance d a t a  a v a i l a b l e  a t  b u l l  s a l e s  might i n c l u d e  
EPD va lues .  Since commercial producers  o f t e n  purchase sons of b u l l s  l i s t e d  i n  
n a t i o n a l  s i re  summaries, it i s  u s e f u l  t o  be  f a m i l i a r  w i t h  sire summary da ta .  
Also, producers  u s ing  a r t i f i c i a l  insemina t ion  can purchase semen from a number of 
b u l l s  w i t h  EPD information.  
Conclusion 
U s e  of expected progeny d i f f e r e n c e  va lues  a s  a  means of exp re s s ing  r e l a t i v e  
g e n e t i c  merit w i l l  l i k e l y  cont inue  t o  i n c r e a s e  a s  a  supplement o r  a l t e r n a t i v e  t o  
within-herd r a t i o s .  For breeds i n  which l i n k s  between herds  a r e  s u f f i c i e n t ,  EPD 
va lues  a r e  comparable a c r o s s  herds  w i t h i n  a  breed. F a m i l i a r i t y  w i t h  t h e s e  
concepts  w i l l  a i d  producers  t o  use t h e  b e s t  in format ion  a v a i l a b l e  on which t o  
base  t h e i r  s e l e c t i o n  dec i s ions .  
TABLE 1 .  ILLUSTRATION OF REFERENCE S I R E  CONCEPT 
A v e r a g e  
No. a d j u s t e d  % of 
calves w e a n i n g  w t  B u l l  A 
H e r d  1 
B u l l  A ( ~ e f e r e n c e )  15 510 100.0 
B u l l  B 12 4 80 94.1 
B u l l  C 18 440 86.3 
H e r d  2 
B u l l  A ( R e f e r e n c e )  12 5 40 100.0 
B u l l  D 15 490 90.7 
B u l l  E 1 2  4 80 88.9 
TABLE 2 .  EXPECTED PROGENY DIFFERENCE AND ACCURACY VALUES 
FOR GROWTH TRAITS 
B i r t h  w t  Weaning w t  Y e a r l i n g  w t  
B u l l  EPD ACC EPD ACC E PD AC C 
TABLE 3 .  EXPECTElD PROGENY DIFFERENCE AND ACCURACY VALUES FOR 
WEANING WEIGHT AND MATERNAL TRAITS 
M a t e r n a l  
Weaning w t  M i l k  w e a n i n g  w t  
B u l l  EPD ACC EPD ACC EPD ACC 
